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EXECUTIVE SUMMARY
Considerable evidence suggests that malnutrition affects human performance, health and survival, including physical growth, morbidity, mortality, cognitive development, reproduction, physical work capacity and risks for several adult-onset chronic diseases. In recent decades development agencies and governments have emphasized selective interventions to improve health and nutritional status, such as immunizations, oral rehydration, antibiotics, and micronutrients, with child survival being a major motivation and justification. Whereas the efficacy of these approaches for improving child survival has been amenable to study and has provided some of the rationale for using them, it has not been possible to directly test the effects of improvements in general malnutrition. The present study quantified the effects of changes in general malnutrition, as measured by child weight-for-age (WA), on changes in child survival in 59 developing countries, using aggregate, longitudinal data at national and sub-national levels from 1966 to 1996. Mixed model analysis (in SAS) was used, to take advantage of the multilevel and longitudinal nature of these data sets. Results reveal that changes in WA have a statistically significant effect on changes in child mortality, independent of socioeconomic and policy changes represented by the secular trend. The secular trend in mortality begins earlier and levels off at higher mortality rates in populations with a higher prevalence of malnutrition. It is concluded that gaps in coverage of selective interventions are more likely and more serious in the more malnourished populations. Continued reduction in mortality will require improved targeting of selective interventions and general nutritional improvement to the most marginal populations.
i
INTRODUCTION
The effects of malnutrition on human performance, health and survival has been the subject of extensive research for several decades. Although many questions remain concerning the precise mechanisms and magnitude of effects, there is now considerable evidence that malnutrition has effects on physical growth, morbidity, mortality, cognitive development, reproduction, physical work capacity and risks for several adult-onset chronic diseases 1 . The increased salience of nutrition as a central concern for social and economic development is further revealed by the awarding of two Nobel Prizes in economics for nutrition-related work in recent years (Richard Fogel and Amartya Sen) and the prominence of food security and nutrition in international discourse related to human rights Despite this apparent agreement at a scientific and general policy level concerning the importance of nutrition as a development concern, a number of scientific and policy questions remain concerning the most effective and appropriate policies and programs for improving population nutritional status and preventing its adverse consequences. One of the enduring questions relates to the most appropriate mix of selective health and nutrition interventions versus broader-based improvements in population nutritional status. Since the early 1980's selective health and nutrition interventions have become a major component of the policy portfolios of international agencies, national governments and non-governmental organizations. Two examples are the GOBI interventions promoted by UNICEF and WHO in the 1980's (Growth monitoring, Oral rehydration, Breastfeeding and Immunizations), and micronutrient interventions promoted by many international agencies in the 1990's. In both cases there has been extensive scientific evidence for the efficacy and potential effectiveness of these interventions for improving child survival and other important outcomes 6 .
Among all the developmental outcomes noted above, child survival has remained a powerful rationale and motivator for international agencies. Thus, in terms of the overall direction of policies, in recent decades the notion that the improvements in the overall nutritional status of a population should be a major policy goal because of the multiple long-term and short-term impacts on human and economic development, and because of its equity implications, has given 1 R. way to a more narrow focus on child survival as a dominant policy goal. Moreover, there has been a further narrowing of the focus onto micronutrient and other selective health interventions as dominant strategies.
The purpose of the present paper was to examine the implications of this policy shift as it relates to the single outcome of young child survival. Specifically, the purpose was to examine the relationship between changes in child and under-5 mortality rates in developing countries in the past two or three decades and changes in the general nutritional status of children during the same period. In general this period has been characterized by substantial declines in infant and child mortality rates, reflecting a host of social, economic and policy changes, but these changes have occurred at different rates and to varying degrees across world regions, countries and subnational units. This study sought to estimate the effects of changes in child malnutrition versus the effects of all other social, economic and policy changes (combined) by employing statistical models that fully exploit the covariation between geographic and temporal variations in mortality rates and malnutrition rates. This differs from our earlier work on these relationships 7 by using population-level (rather than child-level) estimates of mortality and malnutrition, by examining dynamic relationships (changes in malnutrition and changes in mortality), and by using a much larger set of developing countries (59 versus 8) to permit greater generalizability.
METHODS
Research Strategy
This study was based on analysis of aggregate-level data on young child mortality and malnutrition in all developing countries for which suitable data are available at two or more points in time. Two data sets were constructed for this purpose, one representing national-level aggregates and the other representing sub-national aggregates (hereafter called "provinces" for convenience), and parallel analyses were undertaken with each data set. The national data set offers broader geographic coverage (59 countries) and greater temporal variation (extending into the 1970's for many countries). The sub-national data set has fewer countries 8 and less temporal variation (extending back to 1986), but it contains a larger number of analytical units (99 provinces) and potentially greater variation in levels and trends for malnutrition and mortality across these units. The statistical models described below permit an analysis of the relationship between malnutrition and mortality at country level (and, in the sub-national analysis, at the provincial level as well) after statistically adjusting for all unmeasured factors operating at country level. These include social and economic factors like levels of income and education, as well as curative health services, public health infrastructure and any new child survival programs such as oral rehydration, immunization, antibiotics or vitamin A supplementation. The statistical models control for the status of these unmeasured factors at one point in time as well as the changes in these factors over time, thereby permitting an estimate of the effect of changes in malnutrition on changes in mortality that is statistically independent of these broader, unmeasured changes. To the extent that malnutrition rates themselves have been influenced by these unmeasured factors, which indeed is likely, the effect of malnutrition presented here are likely to be conservative estimates of the actual effects.
National Data Set
The national longitudinal data sets were created by merging child and infant weight for age from the WHO Global Database on Child Growth and Malnutrition 9 with child mortality, infant mortality and under-5 mortality from the World Development Reports 10 . The data were matched on a national survey basis, not on the individual level.
The WHO Global Database on Child Growth and Malnutrition was compiled data from articles, government health statistics, survey reports and national surveillance systems 11 . Weight-for-age is compared to NCHS/WHO international reference population (NCHS/WHO, 1983), and the percent of children below -2 Z-scores was used in the present study. Criteria for inclusion in this study were that the weight-for-age data came from a national survey and the age range included 0 to 4.99 years. Several data records had age ranges that exceeded the maximum age but were still included: Bangladesh 1992 (0.5 to 5.99 years of age), Bhutan 1987 (0 to 5.99 years of age), Chile 1984 Chile , 1985 and 1996 (0 to 5.99 years of age), Costa Rica 1989 Rica , 1990 Rica , 1991 Rica , 1992 Rica , 1993 life table estimates 12 . The UN Demographic Yearbook received its data from mortality registries of each country, census data, demographic surveys of households, and "other sources and general estimates" 13 depending on which sources of information were available and deemed to be most reliable. The quality and suitability of various demographic data for the purposes of the present study were ascertained by consulting with experts at Cornell University (Ithaca, NY), the Statistics Division of the UN Secretariat (New York, NY), the Population Reference Bureau (Washington, DC), PAHO (Washington, DC) and the Population Council (Washington, DC).
The World Development Reports present infant and child mortality data up to 1987. From 1988 to 1989 they only reported infant mortality. After 1989, infant and under-5 mortality were reported. In order to allow for the analysis of child and under-5 mortality, we calculated the missing mortality based on a formula provided by Macro International Inc., which conducts the 
Demographic and Health Surveys: (1 -Infant Mortality) x (1 -Child Mortality)
4 = (1 -Under5 Mortality). This cohort-based formula differs somewhat from the more simplified version (in which Under 5 mortality is simply the weighted average of the infant and child mortality, with the latter weighted four times the former), but the difference between these two calculations is negligible.
The primary dependent variable used in this study was child mortality (1-4.99 years). This choice was based on the fact that a high proportion of infant deaths occur in the neonatal period (less than one month) and are unrelated to the infant's postnatal nutritional experience. Moreover, many of the national nutrition surveys do not measure infants less than 2-3 months of age. Thus, the use of child mortality as an outcome permits a more accurate match between the age range for the mortality data and the age range for the weight-for-age data. That said, under-5 mortality (0-4.99 years) is the indicator most commonly used for policy purposes and there is policy interest in its relationship to nutritional status. Thus, a parallel set of analyses is presented for under-5 mortality in Appendix 2.
Merging of the malnutrition and mortality from the two data sources was conducted according to the year of measurement, with a tolerance of plus or minus 3 years in most cases. Mortality data in the World Development Reports consistently predated the publication date by 2 years. Thus, a report published in 1996 would provide mortality data from 1994. In the final national longitudinal data set, 5 out of 59 cases have a two-year difference between measurement of malnutrition and mortality, with all others being less than two years. In nine cases there was a very short interval between anthropometric surveys (three years or less) and a precise year-ofmatch with mortality was not available. In those cases the mortality was estimated by linear interpolation from the closest available years.
Sub-national Data Set
The creation of a sub-national data set was simplified in some respects because the major source for these data (final reports from the Demographic Health Surveys) contain estimates of low weight-for-age as well as child and under-5 mortality (Macro International Inc., Calverton, Maryland, USA). All publications available in current print as of August 2000 were located and used in the initial data set. In order to be included, surveys had to have data on child and under-5 mortality and the prevalence of low weight-for-age for at least 3 provinces (or comparable subnational units). The temporal proximity of the malnutrition and mortality data was assured in most cases by the fact that they both derived from the same survey.
Some surveys showed inconsistencies or data gaps between countries or between waves within the same country. In two cases (Philippines 1993, Bangladesh 1994) the DHS surveys did not contain data on weight-for-age, but data from the WHO Global Database were available and used. In several other cases (Dominican Republic 1986 , 1991 and 1996 , Nicaragua 1998 , Ghana 1988 , 1993 and 1998 , Madagascar 1992 and 1997 , Zambia 1992 and 1996 , Tanzania 1996 , 1991 /1992 ) provinces or districts were consolidated to permit comparison across time.
DATA ANALYSIS
In each data set, national and sub-national, a separate record was created for the malnutrition and mortality observed in a given year for a given country or province. Thus, a country with data at four points in time would be represented by four records. As shown in Table 1 , the national data set contains 59 countries and a total of 182 observations, with each country having data for at least two points in time. The sub-national data set contains 19 countries, 99 provinces and 220 observations, again with each province having data for at least two points in time. In the national data set the mean interval between adjacent surveys is 4.3 years while the mean interval between first and last survey in a given country is 11.2 years. In the sub-national data set most countries have only two surveys and the mean interval between them is 4.9 years, with all surveys taking place after 1985. In addition to the prevalence of low weight-for-age, child mortality and under-5 mortality, each record contains the following variables: country, province (in the sub-national data set), world region and year of measurement. Derived variables included the natural logarithms (ln) of the mortality variables, a variable for "year" and the quadratic (squared) value of year. ("Year" is defined by initializing to 1966 in the national data set, and to 1986 in the sub-national data set). Preliminary analyses with the national data set included five regions: Sub-Saharan Africa (21 countries), Central/South America & Caribbean (18 countries), South Asia (4 countries), Southeast Asia (7 countries) and West Asia/North Africa (9 countries). Although there was interest in examining possible differences among the latter three regions, they were collapsed into a single group ("Asia/North Africa") in the later analyses, out of a concern for sample sizes. The sub-national analyses used these same three regions, although that data set contains only a 14 Values are mean and SD, unless otherwise noted. 15 Refers to the interval between adjacent surveys in a given country or province.
5 sub-set of countries (N=19) in the national data set (N=59). The list of countries in each region is included in Appendix 1.
All data analysis was conducted with the SAS System (version 6.12 and 8.1) from the SAS Institute Inc., while residual and leverage plots were created with SPSS for Windows (version 10.0), SPSS Inc. Mixed model analysis (PROC MIXED, in SAS) was used in order to take advantage of the multi-level and longitudinal nature of these data sets. Mixed models contain both fixed and random effects and adjust for the correlation among analytical units (such as provinces) within a larger analytical unit (such as country). When applied to longitudinal data such as these, mixed models also adjust for the unmeasured factors present in a given analytical unit (such as a province), thereby permitting each unit to act as its own pseudo-control when examining the relationship between changes in malnutrition and changes in mortality over time.
Correlations across analytical units in a multi-level data set are due to shared underlying factors such as similar socioeconomic conditions, access to health care, public health infrastructure and child survival programs. This analysis technique permits an examination of relationships between the variables of interest, such as malnutrition and mortality, without disturbance by correlation due to common underlying factors within a country or province 16 . In the present case this was achieved by defining country (and province, in the sub-national analysis) as a random factor in the mixed model, and by simultaneously controlling for (initialized) year.
Model development was guided by several key research questions. First, is there a relationship between changes in general malnutrition (as measured by prevalence of low weight-for-age -WA) over the past several decades and changes in young child mortality? Second, are these relationships evident after controlling for unmeasured factors at country or province level and for the secular decline in mortality due to changes in factors other than general malnutrition? These "other factors" are modeled by including a term for Year, along with random factor terms for Country (in the national analysis) and Country and Province (in the sub-national analysis). Third, do these relationships vary across world regions and over time? This question is examined by testing the significance of two-way and three-way interaction terms involving WA. Year and Region, while still controlling for Country (and Province, in the sub-national analysis). Probability values of .05 are accepted as statistically significant for main effects and values of .10 are accepted as significant for interaction terms.
In all cases, these questions were examined in relation to child mortality and under-5 mortality, and these have been modeled in the log scale. The log scale is appropriate in this case for two theoretical reasons. First, earlier work has revealed that when child mortality is regressed on child malnutrition the slope depends upon the absolute level of morbidity (and mortality) in the population 17 . Second, the secular decline in mortality is known from historical experience to approach zero asymptotically, and this can be modeled most efficiently by using the log of mortality. Both of these theoretical rationales were tested and found to hold in the present data.
RESULTS
Child mortality for all countries combined declined by a mean of 4.0 deaths per thousand per year in the national data set and 3.1 in the sub-national data ( Table 2 ). The inter-country variation around these means, as measured by the standard deviations, is 7.7 at the national and 3.9 at the sub-national levels. These standard deviations for the mortality and WA variables in the two data sets are of particular interest because they relate directly to the power of the present study to detect significant relationships. Under-5 mortality declined by a larger amount in absolute terms (-33.7 and -20.0, respectively) but is of similar magnitude in relative terms (roughly 20-30%). Child malnutrition declined by an average of 3.8 percentage points in the national data set and remained virtually unchanged, on average, in the sub-national data set. The standard deviation for WA change is 7.7 and 5.6 percentage points, respectively. The most notable differences across the three regions is that Sub-Saharan Africa had higher levels of malnutrition and mortality, and experienced less improvement over time in absolute terms and in relative terms (Figures 1-3 ). These temporal relationships are based on quadratic equations applied within each region to obtain predicted values at the three specified years. The natural log of child mortality has decreased significantly over time (Model 1, Table 3 ) and is also positively and significantly associated with changes in WA (Model 2). Both of these relationships remained statistically significant after controlling for the other variable and unmeasured factors at country level (Model 3). WA remained highly significant and of very similar magnitude even after controlling for regional differences in levels of mortality (Model 4). There are highly significant two-way interactions between Year x Region (Model 5) and Year x WA (Model 6). These two-way interactions suggest that the pace of mortality decline varies across regions (being slowest in SS Africa) and across populations that differ in the prevalence of malnutrition (being slowest in populations with a high prevalence). These two interactions remained significant even in the presence of each other (Model 7), suggesting that the slow mortality decline in SS Africa was not simply due to its high prevalence of malnutrition. Table 4 , with the ranges for Year and Malnutrition prevalence chosen to include most of the data points in each region. The following patterns are revealed:
1) child mortality was highest among the regions in SS Africa at any given period or level of malnutrition;
2) the secular decline in child mortality, at a given level of malnutrition, has been greater in Sub-Saharan Africa in terms of the absolute numbers of deaths (e.g., it decreased from 18.4 in 1980 to 14.2 in 1995 for WA=30, which is greater than the decrease in other regions). However, at a malnutrition prevalence of 30% the annual rate of decline in SS Africa has been only 1.7%, which is similar to the 1.0% seen in CS America (which began the period with far lower child mortality rates) and far lower than that seen in Asia/N Africa (5.1%);
3) the secular decline in mortality has been greater, in absolute terms and in relative terms, in populations with lower levels of malnutrition (i.e., when the prevalence of low WA is 10% versus 30%); this was seen in all three regions but less markedly so in the Asia/NAfrica group of countries; 4) in all three regions the statistical effect of changes in malnutrition on changes in mortality was greater in 1995 than it was in 1980; specifically, across the three regions in 1980 child mortality changed by roughly 1.0 to 1.6% (compounded) for each percentage point change in the prevalence of low WA. In 1995 child mortality changed by 2.5% (compounded) for each percentage point change in malnutrition prevalence in Asia/N Africa, 3.2% in SS Africa and 6.4% in CS America. Thus, despite marked reductions in mortality from 1980 to 1995 these results suggest that the population-level association between general malnutrition and child mortality was stronger in more recent years. The sub-national results in Table 5 confirm the national findings with respect to Models 1-5. However, Year x Region is the only significant interaction in the sub-national data set. Neither of the two-way interactions involving WA (i.e. Region x WA and Year x WA) was statistically significant, nor was the three-way interaction (Year x Region x WA). This is in contrast to the results at the national level. It is relevant to note from Tables 1 and 2 that the sub-national data set has a much small interval between first and last surveys in each country than does the national data set (4.9 versus 11.2 years), is restricted to the years 1986-98, and has a much smaller change in malnutrition prevalence (-0.12 versus -3.7 prevalence points). While these considerations may limit the power to detect interactions, it is relevant to note that the magnitude of the WA coefficients are highly similar to those found at the national level (e.g., 0.0292 in Model 3, compared to 0.0264 in Model 3 at the national level). 21 Values are child deaths per 1000 children per year. 22 Values are the compounded rate of change in mortality as a function of malnutrition (WA Rate). 23 Values are the compounded rate of change in mortality as a function of year (Year Rate). The results for under-5 mortality were largely in line with those for child mortality and, for ease of presentation, are shown in Tables A1 to A3 of Appendix 2. As with child mortality, the bestfitting model at the national level was the full model that included a three-way interaction term. The direction, magnitude and interpretation of these interactions parallels the patterns found for child mortality, although the absolute levels of mortality were much higher as expected. At the sub-national level, the interaction results also were highly similar to those for child mortality.
DISCUSSION
The central purpose of this study was examine the relationship between changes in young child mortality in developing countries in recent decades and changes in the general nutritional status of children during the same period. In particular, the purpose was to determine the extent to which changes in general malnutrition may have had a significant effect independent of other social, economic and policy changes occurring during this period, including but not limited to the greatly expanded coverage of immunizations, oral rehydration, antibiotics, vitamin A supplements and other selective health and nutrition interventions. It is noteworthy that the efficacy and effectiveness of selective interventions can be, and have been, evaluated and documented through short-term experimental designs and evaluations of intervention projects. However, it is much more difficult to conduct studies of how changes in general malnutrition may affect young child survival because such studies would require long durations and large sample sizes, and they confront a host of potential confounding factors and ethical dilemmas. Although the observational nature of this study did not provide the firm basis for causal inferences provided by experimental studies, the present study may represent the most feasible approach for examining these relationships.
The results presented here suggest the following conclusions: 1) changes in young child mortality over the past several decades were significantly related to changes in general malnutrition; 2) these statistically significant relationships exist seen even after controlling for the substantial secular declines taking place as a result of other social, economic and healthrelated factors (including expanded coverage of the selective interventions noted above); and 3) the pace of change in mortality has differed across world regions and the strength of the association with malnutrition has differed over time.
With respect to the latter conclusion, this study specifically revealed that: a) in all three regions the pace of mortality change has been significantly slower in the more malnourished populations; b) in all three regions the association with malnutrition (in terms of the percentage reduction in mortality) has become stronger over time; and c) considering its very high child mortality rates, the annual rate of mortality change in SS Africa was very slow (i.e., about 1.7% which is comparable to that seen in CS America after it had already reduced its child mortality to very low levels).
The methodology of this study had several strengths and weaknesses that should be taken into account. Its strengths included its diverse geographic coverage, the longitudinal nature of the data and the analysis, and the use of multi-level statistical models to adjust for unmeasured factors at national and sub-national levels. These latter two points, in particular, are critical for distinguishing this study from other cross-national or "ecological" studies. Such studies typically involve cross-sectional data and are severely limited in their ability to control for potential confounding factors. They also are subject to the ecological fallacy of assuming that the relationships observed among population aggregates can be applied to individuals or households 25 . In the present case, the longitudinal data and use of multi-level models did not eliminated the ecological nature of the data but did provide a much stronger method to adjust for unmeasured national or sub-national factors that may affect mortality through pathways that are separate from malnutrition or that are mediated by malnutrition. In effect, each country or province served as its own pseudo-control when estimating the relationship between changes in malnutrition and changes in mortality, thereby eliminating the need for direct measurement of "fixed factors" that would confound the interpretation in a cross-sectional analysis. Moreover, it did so without confronting the problem of residual bias (arising from imprecise measurement of confounding factors) that complicates the use of more direct measures of confounding factors in multiple regression models.
As regards the ecological fallacy, it is relevant to note that no attempt was being made here to apply the coefficients from the current findings to individual children. The associations at the individual level have been estimated in earlier work 26 and are not influenced by the present findings. The present study used mortality rates and malnutrition prevalences as populationlevel attributes, not as proxies for individual-level attributes. It was undertaken precisely to understand the relationships at the population level and should be interpreted only in that context.
A potential weakness of the present method for controlling for unmeasured factors was that the statistical effect of general malnutrition may have been underestimated if changes in the unmeasured factors at country or province level were highly correlated with changes in malnutrition and/or if their effects were partially mediated through malnutrition. Such underestimation seems likely, but to an unknown extent, given that long-term changes in child care, child feeding, water, sanitation and health care are likely to be correlated with and partially mediated by changes in malnutrition.
Another limitation of this method is that it did not shed light on the specific nature of the other determinants of mortality (e.g., expanded coverage of oral rehydration therapy, immunization, vitamin A supplementation, and so on), the strength of their individual relationships to population mortality, nor the ways in which they might interact with general malnutrition in statistical models predicting mortality at the population level. Such interactions may be very important for policy purposes but were beyond the scope of the present study to elucidate. Given the method of control employed here (mixed models) it is likely that such interactions were incorporated into the residual variance estimates in the present models, but cannot account for the strong effects of general malnutrition reported here.
POLICY IMPLICATIONS
These findings have implications for understanding how the secular decline in mortality has occurred in the past, as well as how it may occur in the future. There are some indications from this study that the past and the future may be different in some important respects.
The period under consideration in this study has been characterized by substantial declines in young child mortality rates. As shown in Figures 1-3 , for the countries included in this study child mortality declined by 39% in Sub-Saharan Africa, 78% in South/Central America and 80% in Asia/North Africa between 1975 and 1995. The corresponding figures for under-5 mortality are 32%, 63% and 60%, respectively. These were paralleled by marked reductions in malnutrition in South/Central America and Asia/North Africa, both with 60% reductions, but the Sub-Saharan African countries in this sample experienced a 12% increase in malnutrition during this period. The fact that Sub-Saharan Africa countries experienced a marked reduction in mortality despite showing no improvement in general nutritional status probably reflects the impacts of expanded coverage of immunizations, ORS, antibiotics, vitamin A capsules and other child survival interventions that have occurred in this and other regions during this period 27 . Some of the statistical parameters from these data can be used to estimate the quantitative contribution of improvements in general nutritional status to these marked declines in mortality, as well as to estimate the potential impacts of future improvements. Using a common WA coefficient for all three regions, as described in Appendix 3, it is estimated that 16% of the observed decline in child mortality in South/Central America from 1975-1995, and 27% of the decline in Asia/North Africa, is statistically attributable to the statistically independent effect of general malnutrition. In the Sub-Saharan Africa sample these calculations suggest that the 12% increase in malnutrition restrained the rate of mortality decline, such that the child mortality decline over this period could have been 67% rather than 39% if malnutrition in Sub-Saharan Africa had been reduced at the rate seen in the other two regions (by 60%). As noted, these are likely to be conservative estimates of the actual effects because of the correlation between the changes in the WA indicator and changes in other factors associated with child mortality.
The above calculations differ in several ways from the estimate of population attributable risk (PAR) reported earlier 28 . It should be noted that the PAR estimate is a function of: 1) the relative risk of mortality for individual children at various points below 90% of the reference median weight-for-age; and 2) the prevalence of children below 90% WA. It compares the then-current mortality to what would have been expected if all children were at or above 90% WA and it attributes all of the excess risk to malnutrition. By contrast, the above calculations are based on: 1) dynamic relationships (i.e., between changes in malnutrition and changes in mortality); 2) population-level relationships rather than individual-level; 3) actual changes in malnutrition during the study period rather than complete elimination of malnutrition; 4) a period of time when the coverage of selective health and nutrition interventions was much higher; and 5) regression coefficients that are conservative because they attribute most of the secular decline in mortality to changes in factors other than malnutrition (via the Year term in the models), despite the fact that some of their effects on mortality may be mediated by changes in malnutrition. Thus, the present calculations have different methodological and conceptual underpinnings and are not intended to be directly comparable to PAR estimates from previous work.
While the above estimates of the effect of malnutrition refer to the trends in the past, there are indications from this study that malnutrition may play an even more important role in the future. Two features of Table 4 and Figures 4-6 are relevant in this regard. First is the finding that the annual rate of mortality decline has been significantly greater in populations with less malnutrition (i.e., prevalence=10%) than in those with more malnutrition (prevalence=30%). This is seen in all three regions. Second is the finding that the rate of mortality decline per unit change in malnutrition has become greater over time. This also is seen in all three regions. Given that both of these rates are calculated on a compounded basis, these differences can become quite large in absolute terms beyond 1995.
The increasing strength of the malnutrition effect over time is particularly noteworthy. As shown in Table 4 , the results suggests that child mortality decreased at a compounded rate of 1.0 to 1.6% in various regions in 1980 for each prevalence point reduction in malnutrition, and the corresponding figures were 2.5% to 6.4% in 1995. Using the common WA coefficient for all regions combined described in Appendix 3, the overall compounded rate was 3.2% in 1995 and is predicted to be 4.1% in 2000 and 5.3% in 2005. The corresponding figure for under-5 mortality was 1.5% in 1995 and is predicted to be 2.0% in 2000 and 2.5% in 2005. The net effect of these differences is that the rate of the secular mortality decline is predicted to be lower in more malnourished populations and, simultaneously, the mortality ratio between the more malnourished and less malnourished population is predicted to widen over time.
One interpretation of these results may be that child survival interventions are less efficacious in more malnourished populations and that further progress will be constrained unless general malnutrition is reduced. This interpretation does not seem supportable because it assumes that a biological mechanism underlies the WA x Year interaction term in these models. This assumption is not testable with the present data but it is not consistent with the knowledge that immunizations, oral rehydration, antibiotics, vitamin A supplements and other interventions can be highly efficacious in populations with high rates of general malnutrition. A second and more plausible interpretation (advanced here as an hypothesis) is that countries and periods within countries characterized by high rates of general malnutrition may have lower coverage (and/or greater variability in coverage) of child survival interventions and higher risk of death among the malnourished, as documented at the individual child level 29 . Thus, gaps in coverage may be more likely and more serious in the more malnourished populations. This interpretation restricts itself to aggregate-level attributes such as coverage, consistent with the aggregate-level unit of analysis at which the interaction is being observed, but also acknowledges the potentiating effect of malnutrition at the child level documented previously. The lack of a significant interaction between WA and Year in the sub-national data is consistent with this interpretation, because analyses at that level control for all unmeasured factors that distinguish "provinces" from one another, and coverage of child survival interventions may be one such factor. Thus, one would expect this interaction to become diminished when such factors are controlled. This interpretation could be tested through more detailed analysis of the sub-national (DHS) data which contain some information on health service coverage.
If this interpretation is correct, there are several policy implications. First, it suggests that the policy shift toward selective child survival interventions in the 1980's may have been responsible for saving many lives and this impact could be improved by intensifying efforts to ensure access to child survival interventions among the more malnourished populations. This includes entire countries and regions in some cases, notably Sub-Saharan Africa, as well as the more marginal or malnourished provinces and communities within low-to-medium mortality countries.
Second, child survival could be accelerated by reducing general malnutrition. The present study suggests that reducing the prevalence of low weight-for-age by 5 percentage points by 2005 could reduce child mortality by about 30% and under-5 mortality by 13% (Appendix 3). These reductions are beyond those predicted from the current secular trend and its associated socioeconomic improvements and selective health/nutrition interventions. As these percentages are independent of the absolute mortality rate, the numbers of lives saved would be greater in higher mortality populations. This represents a second rationale for targeting the more poorest and least well-served marginal populations and is a powerful argument for addressing general malnutrition in addition to selective health and nutrition interventions.
Third, as countries reach medium-to-low mortality rates, reductions in general malnutrition become progressively more important to achieve further reductions in mortality. This may reflect persistent inequities in access to health services, which are found disproportionately among the malnourished, combined with the potentiating effects of malnutrition operating on those with limited access.
Finally, if the policy goals extend beyond child survival to include other aspects of human development, economic development and social equity, improvements in general malnutrition take on even greater importance. Using this model, R was derived from the predicted mortality (M1) at one level of malnutrition in relation to the predicted mortality (M2) at a different level of malnutrition, using the equation:
The estimate of R derived in this fashion varies by year because of the highly significant interaction between dWA and Year revealed in those models. Thus, for child mortality R is estimated to be 0. 39 When these rate coefficients, which appear in the exponent of equation 1, are expressed in compounded percentage terms, the corresponding estimates for child mortality are 1.2% 3.2%, 4.1% and 5.3%, and the corresponding estimates for under-5 mortality are 0.5%, 1.5%, 2.0% and 2.5%. These represent the percent decrease in mortality for each percentage point decrease in the prevalence of malnutrition.
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Analysts can use these rate coefficients to estimate the mortality rate (M2) at the end of an intervention period by substituting the appropriate coefficient and the observed change in R*dWA malnutrition into equation 1. To simplify this task, the values for the expression e are shown in Table A5 below and the values for M2 are shown for a range of initial mortality rates (M1) and reductions in malnutrition prevalence (dWA). Linear interpolation can be used for other combinations within these ranges. This table is based on the rate coefficients for 2005 to encourage the use of a common set of parameters by future analysts in different settings. Given the anticipated policy and programmatic uses of these estimates, and the other sources of error described below, the use of common coefficients and methods is more important than the marginal increase in apparent precision that might be gained by using year-specific rate coefficients. However, retrospective analyses extending before 2000 might well be better-served using rate coefficients appropriate for the period under consideration. Estimates for earlier years can be derived using the methods described in this Appendix 3.
24
Appendices: Methodology Finally, the number of lives saved by nutritional improvement (L) in a project area with n children or under-5's is calculated as: L = (n/1000) x (M1-M2)
Note that L as calculated in equation 3 refers to the number of lives saved by nutritional improvement for each year in which the change in the prevalence of malnutrition is at the level specified in equations 1 and 2. Thus, if the prevalence decreased in a gradual manner over a five year period in a project area, the total lives saved during the entire period would be the sum of the lives saved each year.
To illustrate the use of these methods, if the initial child mortality (M1) in a project area was 40 per 1000, and malnutrition decreased by 4 percentage points (dWA), then the new mortality estimate (M2) as provided in the table is 32.5 per 1000. If the project area contains 5000 children, then the lives saved by nutritional improvement in that year is given by: L = (n/1000) x (M1-M2) = 5000/1000 x (40-32.5) = 37 children.
Users should be aware that the estimates derived from this method have some inherent uncertainties from several sources. These include: 1) possible errors in estimating the initial mortality rate in the project area; 2) uncertainties about the "true" value of the malnutrition rate coefficient (R ); an approximation for this uncertainty is provided by the additive (noninteractive) model where the WA prev coefficient is 0.0224 and the standard error is 30% of this value (0.0067). For under-5 mortality the corresponding coefficient is 0.0094, the standard error is 40% of this value ( 0.0037); and 3) variation in the mix of health and nutrition problems and interventions across project settings and into the future, which may exceed that represented by the mix of countries included in this study. For these reasons, analysts may wish to report their results in terms of a range rather than the single point estimates provided in the table below.
A practical rule of thumb for reporting a range of estimates is to perform the calculations described above using a lower-end and an upper-end bound for R based on the standard errors reported above. For child mortality the lower bound of R would be 0.036 (=0.052 x 0.7) and the upper bound of R would be 0.068 (= 0.052 x 1.3). For under-5 mortality the lower bound of R is 0.015 (=. 0025 x 0.6) and the upper bound of R is 0.035 (= 0.025 x 1.4). These values would be substituted into equation 1 above, along with the observed change in malnutrition prevalence (dWA) to estimate M2.
It should be emphasized that the methodology described here generates estimates of lives saved by nutritional improvement net of the changes attributable to the secular decline in mortality underway in most developing countries. As such, the estimate of M2 generated by equation 1 represents the marginal change attributable to nutritional improvement and may differ from the actual mortality rate as measured directly in the project area. The latter rate would reflect the combined effects of secular decline and malnutrition improvement.
Finally, it bears reiterating that this methodology provides conservative estimates of the number of lives saved by nutritional improvement because the statistical models upon which it is based are only capable of estimating the statistically independent effect of nutritional improvement on mortality decline (independent of the secular trend). It is likely that some portion of the decline attributed to the secular trend in this study should be attributed to changes in malnutrition. Table 3 . Child mortality refers to deaths per 1000 children per year. Malnutrition refers to percent of children less than -2 Z-scores for Weight-for-age. Table 3 . Child mortality refers to deaths per 1000 children per year. Malnutrition refers to percent of children less than -2 Z-scores for Weight-for-age. Table 3 . Child mortality refers to deaths per 1000 children per year. Malnutrition refers to percent of children less than -2 Z-scores for Weight-for-age.
